ABSTRACT Calliphora nigribarbis Vollenhoven is a possible mechanical transmitter of highly pathogenic avian inßuenza. Based on laboratory tests, we evaluated the efÞcacy of a long-lasting permethrin-treated mosquito netting, known as the Olyset net, for the prevention of this species entering livestock barns. Flies were trapped in Olyset net cages, and two statistics for knockdown and lethal efÞcacies were obtained. Median knockdown time in the cage (KT50) was estimated to be 341 s for females, and median lethal time after exposure to the mesh (LT50) was estimated to be 30 s and Ͻ15 s for females and males, respectively. These LT50s were faster than those measured for anesthetized stationary ßies brought in contact with the Olyset net (Ͼ120 s for both sexes), indicating that a ßyÕs spontaneous contact with the Olyset net accelerates insecticide adhesion. The rate of permethrin adhesion to C. nigribarbis after its spontaneous contact with the Olyset net was estimated to be 3.7 ng/s for females, in reference to the 50% lethal dose (LD 50 ) value (112 ng/female), which was obtained from the topical application bioassay of permethrin. The lethality exhibited after brief spontaneous contact with the Olyset net suggests its potential utility in poultry farms against C. nigribarbis invasion.
Highly pathogenic avian inßuenza (HPAI) H5N1 virus is highly contagious among birds, and can be deadly to them, especially domestic poultry. Though relatively rare, sporadic human infections with this virus have occurred and caused serious illness and death (Centers for Disease Control and Prevention [CDC] 2011) . A World Health Organization reported 574 human cases of avian inßuenza A (H5N1) virus infection (World Health Organization [WHO] 2011). HPAI outbreaks have occurred at poultry farms in Japan while no human case is recorded. The improvement in sanitary conditions was requested as a result of the investigations for the outbreaks. Despite these administrative actions, outbreaks of HPAI occurred and 1.85 million domestic poultry were euthanized through March 2010 (Ministry of Agriculture, Forestry and Fisheries of Japan [MAFF] 2012) . Sawabe et al. (2006) isolated H5N1 from two blow ßy species, Calliphora nigribarbis Vollenhoven and Aldrichina grahami (Aldrich), which were collected near farms in an outbreak area. C. nigribarbis had especially high virus-positive rates of 20 Ð30%. Flying activity of C. nigribarbis is very high from autumn to spring in Japan (Kurahashi 1991 , Kurahashi et al. 1994 . This cold season has also overlapped H5N1 active season in Japan. The potential of C. nigribarbis to be the vector in H5N1 transmission was evaluated by virological and ecological studies. Work with this species, experimentally infected with the H5N1 virus through the mouth, clariÞed that active virus was detectable in the crop and intestine for at least 24 h, with titers ranging from 0.5 to 4.6 of 50% tissue culture infectious doses (TCID50) (Sawabe et al. 2009 ). The ßight capability was estimated by markÐreleaseÐre-capture (Tsuda et al. 2009 ). The maximum dispersal rate was estimated to be 3,500 m/d. These results suggest that blow ßies could possibly transport the H5N1 virus.
The Japanese government amended standards of rearing hygiene management under the "Act on Domestic Animal Infectious Diseases Control" in 2011. The standards require controlling insect vectors. One of the methods is use of insecticides. Three major insecticide application techniques are currently available for controlling ßies in Japan: larvicides, insecticidal baits, and space spray adulticides (Japan Veterinary Products Association [JVPA] 2004) . Each technique has advantages and disadvantages. Although larvicides will eventually prevent adult emergence, they have no inßuence on preexisting adult ßies. In contrast, space sprays without residual efÞcacy quickly kill adult ßies (WHO 2003) . Insecticide baits have residual efÞcacy, however, that is dependent on bait availability versus the richness of other available feeding sources. The major purpose of these insecticides is to control ßy density on farms, and so it is difÞcult for insecticides to prevent the invasion of ßies that may be carrying pathogens.
An alternative method to prevent ßy invasion is physically shielding a barn. Moreover, insecticidetreated mesh kills ßies that attempt to enter the barn. Insecticide-treated bed netting, available commercially or by manual treatment, is typically used for protection against mosquito-borne diseases in humans, such as malaria (WHO 2001) . The Olyset net is a long-lasting insecticidal net (LLIN) made of polyethylene Þber that is polymerized with the pyrethroid permethrin (Sumitomo Chemical 2009). It was the Þrst LLIN to be fully recommended by the World Health Organization Pesticide Evaluation Scheme (WHOPES) for efÞcacy and longevity in controlling malaria vectors (WHO 2001) .
In a previous study, we tested the efÞcacy of permethrin and fenitrothion for Þeld-caught C. nigribarbis by topical application. The results conÞrmed that the insecticides were equally effective against this species and to susceptible house ßies (Musca domestica L.) (Komagata et al. 2006) . However, the efÞcacy of the Olyset net for ßy species, as it varies with formulation of permethrin, is not yet known. In this study, we investigated the potential efÞcacy of the Olyset net for C. nigribarbis based on the Olyset netcontact bioassays as a laboratory study.
Materials and Methods
Insects. The Izumi colony of the blow ßy C. nigribarbis was originally collected in Izumi City, Kagoshima Prefecture, Japan in November 2006, and this colony was maintained at 20ЊC under a photoperiod of 16:8 (L:D) h. The SRS strain of the house ßy Musca domestica L. is a long-established, standard, insecticidesusceptible strain (Yasutomi et al. 1988) . Sugar-and beef liver-fed adult blow ßies 7Ð15 d after eclosion, and sugar-and skim milk-fed adult house ßies 5Ð7 d after eclosion, were used for insecticide bioassays.
Chemical and Insecticidal Materials. Technical grade (91.2%) permethrin (3-phenoxybenzyl (1RS, 3RS; 1RS, 3SR)-3-(2,2-dichlorovinyl)-2,2-dimethylcyclopropanecarboxylate) and the Olyset net (active ingredient [a.i.] permethrin, 2% wt:wt) were provided by Sumitomo Chemical Co., Ltd. (Tokyo, Japan).
Bioassay. Topical Application. Acetone solution (0.5 l) containing permethrin was topically applied to the dorsal thorax of female blow ßies and female house ßies using a PB600 Ð1 repeating dispenser (Hamilton Co.). Eight solutions were prepared as exponential stepwise concentrations ranging from 3 ng to 3 g. Acetone alone was applied as the control. After treatment, 10 ßies for each repeat were placed in a plastic container (10 cm in diameter, 5 cm in depth) with sugar and water supplies. The number of surviving ßies was counted 24 h after treatment. The 50% lethal dose (LD 50 ) value was estimated by logit analysis.
Spontaneous Fly Contact With the Olyset Net versus Knockdown (SCVK Bioassay).
The Olyset net cage was prepared as follows: stainless steel wires 3 mm in diameter comprised a frame measuring 120 ϫ 130 ϫ 180 mm, which was then tightly covered with an Olyset net sleeve on all the six rectangular sides. Ten female blow ßies (or house ßies) were released together into the Olyset net cage through its cuff using an insect aspirator, and they were left until knockdown was observed. For treatment of house ßies, the Olyset net cage was carefully wrapped with a Þne nylon-mesh sack to prevent ßies from escaping through the Olyset net mesh. In total, 99 blow ßies and 109 house ßies were provided for this test. In this bioassay, knockdown was deÞned as inability to coordinate movement of proboscis, wings, and legs (most often ßies fell down on the mesh) by momentary time judgment. The number of knockdown ßies was recorded every 30 s up to all the 10 ßies tested at a time became knockdown. The accumulated knockdown ßies were analyzed by the KaplanÐMeier method (survival analysis), and the time to 50% knockdown (KT50) value was estimated.
Time-Limiting Spontaneous Fly Contact With the Olyset Net (TLSC Bioassay).
Blow ßies were individually released into the Olyset net cages, which were constructed as described above. The ßies were then transferred separately into clean nylon-mesh cages at 15, 30, 60, or 120 s after release with an insect aspirator, and they were supplied with sugar cubes and water. The number of dead ßies was counted 24 h after treatment. The time to 50% mortality (LT50) value was estimated by logit analysis.
Timed Contact of Anesthetized Flies With the Olyset Net (TCA Bioassay). Blow ßies were anesthetized brießy using carbon dioxide gas and transferred onto a piece of Olyset net, which was laid in a Buchner funnel ventilated with diluted carbon dioxide gas to keep them barely anesthetized. The ßies were brought in contact with the Olyset net on their ventral surfaces and legs for 60 and 120 s, and then were transferred into a clean nylon-mesh cage. The number of dead ßies was counted 24 h after treatment. All the bioassays described above were conducted under laboratory conditions at 25ЊC and 60% relative humidity (RH). The results for male and female were separately presented.
Computer Software. The data were analyzed using the program JMP Version eight (SAS Institute Inc., Cary, NC). The results of topical application and TLSC bioassay were analyzed by logit analysis. The results of SCVK bioassay were analyzed by the KaplanÐMeier analysis.
Results and Discussion
Permethrin Susceptibility by Topical Application. The permethrin LD 50 values for the blow ßy C. nigribarbis were estimated to be 112 ng for females and 106 ng for males, with no signiÞcant difference between the two sexes (Table 1) . These LD 50 values were about eight-fold higher than previous estimates for this species from a different locality and directly tested without subculturing (i.e., adult age and condition were unknown) (Komagata et al. 2006) . Relatively lower permethrin-sensitivity for the Izumi colony could be inßuenced by physiological conditions because of laboratory rearing, such as richer nutrition or use of uniformly younger adults, orgenetic differences.
Olyset Net Efficacy by Spontaneous Contact With Flies. First, Olyset netting efÞcacy was evaluated by the ßyÕs spontaneous contact time up to knockdown (SCVK bioassay; Fig. 1 ). The Þrst and last times to knockdown were observed at 170 and 480 s for blow ßy females. The Þrst and last times to knockdown were observed at 240 and 780 s for house ßy females. The KT50 values were estimated to be 341 and 338 s for blow ßies and the house ßies. These values were quite similar between the two species (not signiÞcant at the P Յ 0.05 level). In cases of similar bioassays with mosquito species, the KT50 values after 3 min exposure to Olyset net by the cone method were estimated (Jeyalakshmi et al. 2006) . Based on this report, the total time to knockdown from exposure was given as Յ4 min and 5.26 min for Aedes aegypti (L.) and Anopheles stephensi Liston, respectively. The knockdown efÞcacies of Olyset net to the present two ßy species were roughly similar to the two mosquito species, though there were methodological differences between the two studies.
Secondarily, Olyset netting was evaluated for mortality at 24 h after time-limited spontaneous ßy contact (TLSC bioassay); see Table 1 (females and males) and Fig. 2 (only females). All tested females and males were killed by Olyset net exposure for 120 s, and 90% of the males were killed within the shortest exposure time of 15 s. LT50 values were estimated to be 30 s for females and Ͻ15 s for males (Table 2 ). Higher lethality of Olyset netting for blow ßy males rather than females is not consistent with the results of similar lethal efÞcacies of topically applied permethrin between two sexes (Table  1 ). The reason is not known, but blow ßy lethality caused by shorter spontaneous contact (within 30 s) would be of practical importance.
Exposure of Ae. aegypti and An. stephensi for 3 min to Olyset net by the cone method resulted in 100% mortality in 24 h (Jeyalakshmi et al. 2006) . Thus, the lethal efÞcacy of the net for C. nigribarbis is at least that reported for these mosquito species. Assuming Table 1 . Estimates based on dosage-mortality regression using topical application of permethrin (above) and exposure time-mortality regression (below) for Calliphora nigribarbis in the Olyset net cage time-proportional insecticide adhesion (in the TLSC bioassay) and the necessity of an equivalent permethrin uptake to kill 50% of the ßies (in topical application), the approximate rate of permethrin adhesion through contact with the Olyset net can be estimated as 3.7 ng/s for blow ßy females, where 112 ng (LD 50 value; Table 1 ) is divided by 30 s (LT50 value; Table 1 ).
Olyset Net Efficacy by Anesthetized Fly Contact. A complementary test for the lethal efÞcacy of the Olyset net was conducted using anesthetized blow ßies (TCA bioassay). In this test, the LT50 was expected to be Ͼ120 s for both females and males (Table 2) . No further statistical analysis was performed because no mortality above 50% was obtained for the longest exposure time of 120 s. Anesthetized, and thus stationary, ßies came in contact with the Olyset net through the tibia, femur, and abdomen, while unanesthetized ßies came in contact with the net through their tarsi. There thus are differences in the body parts coming in contact with the Olyset net between anesthetized and unanesthetized ßies. Contacting a greater treated area during walking most likely allows greater active ingredient doses to adhere to ßies, in contrast to multiple but stationary contact points with the netting for anesthetized ßies.
The advantages of pyrethroid-treated mosquito nets have been established with mosquito vectors through the acute knockdown or lethal efÞcacy (Itoh et al. 1990) , especially for controlling anopheline malaria vectors. An insect-proof net (1 mm mesh) that is made using the same technology as the Olyset net is marketed only for nuisance insect control in factories and on livestock farms, but not for vector insects of human diseases in Japan. The tsunami of the Tohoku Earthquake ßooded 561 km 2 (Geospatial Information Authority of Japan [GIA] 2011) and washed away Þshery harbors and a large number of the depositories of seafood and other food materials, besides houses. As a result, seafoods that washed out of these buildings produced huge numbers of ßies, and the swarming ßies became a threat to victims in unscreened evacuation facilities. The major ßy species involved were the house ßy and some Calliphoridae spp. including C. nigribarbis (Kasai and Kobayashi 2011). The Japanese Ministry of Health, Labor and Welfare recommended screening at entrances, windows, and cooking places to prevent invasion of ßies (Ministry of Health, Labour and Welfare of Japan [MHLW] 2011). Olyset net is also desirable for protecting humans from swarms of ßies and against pathogen transmission by ßies in distressed areas. However, the insecticidal nets are not registered in Japan for human protection from ßies or even mosquitoes. Further studies will be needed to conÞrm practical efÞcacy of the Olyset net against ßies invasion in Þeld conditions and for animals and humans.
